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FOREWORD

A major research project of the Army Research Institute (ARI) Field Unit
at Fort Hood, TX, is "Evaluating Human Factors Considerations and Concepts in
an Operational Environment" (Army Project 2Q263739A793). This project is
primarily concerned with evaluating the human factors (man-machine interface)
aspects of systems in an operational environment; the purpose is to optimize
performance of existing systems and provide design criteria for future simi-
lar systemc. One of these evaluations was the human factors evaluation of
the M981 Fire Support Team Vehicle (FIST V) during Operational Test II. This
report describes the results of an analysis of data from the OT II, the iden-
tificstion of important current criteria, and developmunt of new criteria.
These criteria provide the design guidance necessary for: (1) resolving cur-
rent human factors engineering problems with the FIST V, and (2) preventing
the recurrence of such problems in future FIST V type systems. The report
does not address current design criteria which are adequate and which were
properly considered during the RDT&E process, i.e., design criteria relating
to system aspects where no man-machine interface problems were found.
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HUMAN FACTORS ENGINEERING DESIGN CRITERIA FOR FUTURE SYSTEMS,
REPORT NO. 2: DESIGN CRITERIA EVOLVING FROM THE FIRE SUPPORT
TEAM VEHICLE (FIST-V) OPERATIONAL TEST II

" EXECUTIVE SUMMARY \

Requirement: .
The objective of this analysis is to specify current human factors engi-
neering (HFE) related design criteria that are associated with current M981
‘Fire Support Team Vehicle (FIST V) deficiencies and to stipulate new design
criteria, vhere needed, in order to prevent a .recurrence of these problems in
future FIST V type syst::s. T 9
’ .

Procedure:

The procedure 1nvoived comparing individual HFE design problems identi-
fied in the FIST V Operational Test II with relevant criteria statements con-
taining the information for avoiding such problems in the design process.

The cri‘eria in MIL-STD-1472C and MIL-HDBK-759A were evaluated to determine
if they provided adequate guidance for making informed design judgments.
Criteria judged as adequate were viewed as critical critoria that should be
given greater emphasis in future programs. In comparisons in which the cri-
teria were judged as inadequate or missing, revised or new critaris were
proposed.

Findings:

The HFE problems were distributed across 27 different equipment compo-
nents. Current criteria are available for all of them; they were judged to
be adequate for 25 features and inadequate for 2. Thus adequate design guid-
ance is available in current criteria to avoid most of these problems in future
FIST V systems. Seventy-four percent of the problems were concerned with de-
sign of the crew stations: problems with workspace, seating, location, and
arrangement of controls and displays, etc. Apparently, the results were due
partly to design constraints inherent in the vehicle since the FIST V is a
modification of the highly developed M901 Improved TOW Vehicle. The freedom
of action of the designers may have been severely restricted regarding major
modifications of the M901 crew stations for FIST ¥ requirements.

Utilization of Findings:

These findings are intended for use in improving and updating HFE de-
sign criteria for FIST V type systems. The critical, revised and new cri-
teria presented in this report provide much of the information necessary for
correcting the current HFE problems in the FIST V and preventing the recur-
rence of simiiar problems in future generation systems.
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HUMAN FACTORS ENGINEERING DESIGN CRITERIA FOR FUTURE SYSTEMS,
REPORT NO, 2: DESIGN CRITERIA EVOLVING FROM THE FIRE
SUPPORT TEAM VEHICLF (FIST-V) OPERATIONAL TEST II

INTRODUCTION

The Fort Hood Field Unit of ARl has an active program of human factors
research with new and improved equipment in the system acquisition process,
The research is characterized by assessment of systems in an operational
environment when these systems are manned by regular FORSCOM troops for the
first time. This report is the second in a series on developing design
criteria for future systems, The first report (Earl, 1983) presented criteria
from an analysis of human factors problems which occurred in the M1 tank
operational test III.

PURPOSE AND OBJECTIVE

One of the primary functions of the ARI human factors research program is
to provide human factors engineering (man-machine interface) design criteria
for future systems. This is achieved by an analysis of human factors
engineering (HFE) problems identified in user tests of similar current systems,
Problems identified in current systems, therefore, serve as the basis for
estahlishing critical design criteria for future similar systems - @8 process
that involves: (1) detecting relevant existing design criteria which have not
been met, and (2) identifying and developing new criteria for unanticipated
problems not covered by current standards,

The objectives of this current analysis are limited to: (1) specifying
current HFE related design criteria that are associated with current M981 Fire
Support Team Vehicle (FIST V) deficiencies; and (2) stipulating new design
criteria, where needed, in order to prevent a recurrence in future systems of
HFE problems reported in: Fire Support Team Vehicle (FIST V) Operational Test
11 (November 1983). The report does not address current design criteria which
are adequate and which were properly considered during the RDTLE process, i.e.,
design criteria relating to systems aspects where no man-machine 1nterface
prodlems were found.

PROCEDURE

The approach involved comparing the individual HFE problems described in
the above report with the applicable criteria statements containing the rules
for avoiding the problems. The problems were first identified with the
related hardware components and arrarged accordingly. The criteria reference
sources used in the search were the current issues of MIL-STD-1472 and
MIL-HDBK-759, namely, MIL-STD-1472C (1981) and MIL-HDBK~759A (1981). During
the period of M981 FIST V development in the 1970's, however, it is likely that
prior editions, MIL-STD-1472B (1974) and MIL-HDBK-759 (1975), were the versions
available for contract application and guidance.
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The latest editions were used in this analysis because the main purpose was
to produce information to update and revise current standards, Both references
were examined to identify those criteria that are pertinent for each problem,
Criteria that were judged to be relevant to some degree were included in the
selections. The selected criteria were then evaluated to determine whether or
not they provided unequivocal and specific guidance for making informed design
Judgements, In cases where the criteria were judged as adequate in providing
sufficient guidance, these were defined as critical criteria that should be
given greater consideration or emphasis in future programs,

In cases where the existing criteria were judged as relevant but providing
inadequate guidance, the comparisons revealed the need for revision to include
guidance covering the HFE considerations involved in the design problem,.
Revised design criteria were then formulated for these cases.

RESULTS

Design criteria data are presented in a table made up of three columns.
The first column presents HFE problems described in succinct ststements
indicating the identity of the hardware components involved and the specific
design features causing the problems., In the second column, adjacent to the
staterents of the HFE problems, are presented relevant current criteria. Each
design criterion is presented in a short statement and paraphrased where
necessary to include only the parts relevant to the problem. Each criterion
statement ends with a number in parenthesis. This number refers to a specific
paragraph in the reference sources, Numbers beginning with the letter "S"
indicate MIL-STD-1472C and the specific paragraph therein. Numbers beginning
with the letter "H" indicate MIL-HDBK-759A and its paragraph number,

The third column presents the proposed new or revised criteria. In cases
where the relevant criteria were judged as adequate, no new criteria are
presented and the statement “No change® is entered in the column., In other
cases where the relevant criteria were judged as inadequate, new or revised
criteria are included.

The results are presented in Table 1 which addresses the hardware
components in the FIST V OT II report judged to have significant HFE problems
causing substantial decrements in operational performance.
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The HFE problems listed in Table 1 were distributed across 27 different
design features or equipment components. Current criteria are available for
all of them, The criteria were judged to be adequate for 25 features and
inadequate for two. The result suggests that adequate design guidance is
availaidle in current criteria to provide designers the information necessary
for avol!ding most of these problems in future FIST V systems,

The two cases in which criteria were judged as inadequate were concerned
with seating and illumination problems. There is extensive information on both
subjects in MIL-HDBK-759A, but none of it is addressed specifically to the
unique requirements of crew stations in FIST V's, There is a section on crew
stations in combat vehicles but it covers only battle tanks; no other combat
vehicles are considered. The seating criteria most relevant for FIST V needs
were found under criteria for tank gunners, The most pertinent {illumination
criteria are those addressing the needs of crews in vehicle fighting
compartments, These crew station conditions are similar to FIST V conditions,
They differ, however, in some important details. The differences are reflected
in some divergent criteria specifications which must be modified for FIST V
requirements,

Examination of the type of HFE problems gives some understanding of the
causitive factors which were present in the design of the FIST V. If the
problems are grouped according to a common source, the overall majority can be
assigned to one catagory involved with the design, layout and arrangement of
the crew stations. Fully 20 of the 27 components, T4 percent, had problems
directly concerned with design configuration of the crew stations: problems
with workspace, seating, location and arrangement of controls and displays,
visibility or illumination of displays, and safety considerations. This
finding raises the question: why was there such difficulty in designing the
crew stations {n the FIST V?

The answer may be found in the evolution of the vehicle. The FIST V is not
a newly designed system, but rather a modification of the M901 Improved TOW
Vehicle which itself is a rationalized version of the M113A2 Armored Personnel
Carrier, Thus the freedom of action of the designers was severely restricted as
to the volume of space available in the crew compartment and its general
configuration. This {s particulary evident in the retention, almost unchanged,
of the M113A2 hull and the M90! TOW turret, cupola and launcher module mounted
in the forward section of the crew compartment, A3 a result, the designers had
to design the crew stations for the FIST V within a crew compartment configured
for the M901, Apparently, the M90! configuration presented serious problems
for adapting FIST V crew stations into {t.

In order to deal with the restrictive design variasbles rationalized
vehicles pose, much greater emphasis should be given to HFE consideraticns in
the design of crew stations in programs using vehicles originally designed for
other missions. The problems is pervasive and requires a substantial
commitment of design effort to asvoid the types of problems present in the FIST
V.
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SUMMARY

This report has identified current (previously existing) criteria and de-
veloped new and revised criteria critical for the HFE design of future FIST V
or similar systems, These criteria emerged from the analysis of HFE problems

identified in the OTEA test report: Fire Support Team Vehicle (FIST V) Opera-
tional Test II (November 1983).

Most of the HFE problems identified in the FIST V were related to poor design
decisions made in the layout and arrangement of the crew stations., This out-
come resulted mainly from the severe constraints placed on the designers' free-

dom by having the M901 Improved TOW Vehicle as the system to modify into the
FIST V.

The two cases in the report in which existing design criteria were judged as
inadequate pointed out the need to expand Section 7.5, Crew Stations in Combat
Vehicles, in MIL-HDBK-759A beyond merely battle tanks to include all classes of
armored vehicles that operate in the battlefield environment., As the variation
in types of armored vehicles continues to proliferate in Army development pro-
grams, new HFE criteria requirements will emerge to define the unique charac-
teristics of these novel crew station and fighting compartment designs, The
sections in MIL-STD-~1472 and MIL-HDBK-759 on crew stations of combat vehicles

should be revised and expanded in order to stay atreast in this growing area of
development,
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